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Question 1 — 15 marks 
You should be able to answer this question after studying Unit 6. 


(a) For each of the following linear transformations, write down its matrix 
and describe the transformation. 


(i) g(x,y) = (52, 2y) 
(ii) A(x, y) = (x + 3y, y) 
(iii) k(x, y) = (y, 2) 


(b) Use the matrices that you found in part (a) to show that the linear 
transformation f = ko ho g is represented by the matrix 


a) 


Show that f is invertible, and find the matrix that represents f~t. 


ao 
ey 


Find the equation of the image f(C) of the unit circle C, in the form 
ax? + bay + cy” =d, 
where a, b, c and d are integers whose values you should find. 


(e) Calculate the area enclosed by f(C). 


Question 2 -— 10 marks 

You should be able to answer this question after studying Unit 6. 

(a) The isometry f maps the points (0,0), (1,0) and (0,1) to the points 
(4,3), (4,4) and (5,3), respectively. 


(i) Determine f in the form f(x) = Ax +a, where A is a 2 x 2 matrix 
and a is a vector with two components. 


(ii) Find the fixed points (if any) of f, and hence state whether f is a 
translation, rotation, reflection or glide-reflection. 


(b) The transformation k is the reflection in the line y = —az + 4. 


By using the translation h that maps the point (0,4) to the origin, and 
its inverse h~!, determine k in the same form as you found f in 


part (a)(i). 
Question 3 — 15 marks 
You should be able to answer this question after studying Unit 7. 
(a) Find the partial fraction expansion of the rational expression 


3x3 + 11r? — 9a — 15 
x2? + 3x —4 


(b) Use the partfrac command in Maxima to verify your answer to 
part (a). Include a screenshot or printout of your Maxima worksheet in 
your answer. 


(c) Hence (without using Maxima) find the integral 


— = 


dz. 
z2? +3xz— 4 x 
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Question 4 -— 15 marks 


You should be able to answer this question after studying Unit 7. 
2 
5 7 
Consider the function f(x) = pee 
r+2 


(a) Find the domain and intercepts of f. 
(b) Find f'(x). 


(c) Find the coordinates of any stationary points of f. Construct a table of 


signs for f'(x), determine the intervals on which f is increasing or 
decreasing, and determine the nature(s) of the stationary point(s). 


(d) Find the equations of the asymptotes of f. 
(e) Determine whether f is an even or odd function, or neither. 


(£) Sketch the graph of f. 


Question 5 - 15 marks 
You should be able to answer this question after studying Unit 7. 


(a) Use the identity cosh? x — sinh? x = 1 to find the integral 


f sinh? z dz. 


(b) Use your answer to part (a) and a hyperbolic substitution to find the 
integral 


lam 
———— drz. 
r? +9 
Question 6 — 5 marks 
You should be able to answer this question after studying Unit 8. 


Consider the differential equation 


dx t 


dt VPF 

(a) Which of the methods described in Unit 8 for finding solutions of 
differential equations would you use to solve this equation? Give a 
reason for your choice. 


(b) Find the general solution of the differential equation, expressing x 
explicitly as a function of t. 


(c) Hence find the particular solution of the differential equation that 
satisfies the initial condition x(0) = 3. 
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Question 7 — 5 marks 


You should be able to answer this question after studying Unit 8. 


Consider the differential equation 


(a) 


(b) 


(c) 


dy _ sinht 
dt se 
Which of the methods described in Unit 8 for finding solutions of 


differential equations would you use to solve this equation? Give a 
reason for your choice. 


Find the general solution of the differential equation, expressing y 
explicitly as a function of t. 


Hence find the particular solution of the differential equation that 
satisfies the initial condition y(0) = 2. 


Question 8 - 5 marks 


You should be able to answer this question after studying Unit 8. 


Consider the differential equation 


(a) 


— -=> =] (x>0). 


Which of the methods described in Unit 8 for finding solutions of 
differential equations would you use to solve this equation? Give a 
reason for your choice. 


Find the general solution of the differential equation, expressing y 
explicitly as a function of x. 
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Question 9 -— 10 marks 


You should be able to answer this question after studying Unit 8. 


The intensity of light J, measured in luxes (Ix), at depth y (in m) below the 


surface of a lake can be modelled by the differential equation 


dI 
— = -kI (I > 
T kI (I>0, y>0), 


where k is a positive constant. 
(a) Find the general solution of this differential equation in explicit form. 


(b) The intensity of light at the surface of the lake is 2000 lx. Find the 


particular solution that describes the intensity of light as a function of 


depth below the surface of the lake. 


(c) The intensity of light is 5001x at 10m below the surface of the lake. Use 


this fact to find the value of the constant k. Give both its exact value 
and its value to two significant figures. 


(d) Use your particular solution and the exact value of k to find the 


intensity of light 17 m below the surface of the lake. Give your answer in 


luxes to two significant figures. 


(e) Use Maxima to find the solution of the initial value problem 


dI 
T —kI, where I(0) = 2000. 
Include a screenshot or printout of your Maxima worksheet in your 
answer. 
Question 10 - 5 marks 


Five marks on this assignment are allocated for good mathematical 
communication in Questions 1 to 9. 


You do not have to submit any extra work for Question 10, but you are 
advised to check through your assignment carefully, making sure that you 
have explained your working clearly, used notation correctly, written in 
sentences and rounded answers as requested. 
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